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1. General Introduction   
 
In recent year, the mortality of caner is increasing due to the life style 
change. Around 170 million people died of cancer each year in World. 
Moreover, the cancer became the major cause of death in Japan, 
surpassing strokes, in 1981 according to the statistics proposed by the 
Ministry of Health, Labor and Welfare Japan shown in Figure 1.1. 
 
 Figure 1-1 Mortality rate due to different type of diseases in past 50 years. 
     
    Due to the exacerbation of aging, the disease incidence of cancer will 
increase rapidly in future. Specifically cancer with lesion which is near body 
surface, such as  breast cancer and Prostate Cancer. For this reason, a more 
reliable and a sophisticated diagnosis has become a valuable need in the present context 
to minimize the breast cancer mortality.  
  Although some methods of diagnosis are being used by doctors in the present time, 
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these methods seem to be incomplete, unreliable and with numerous side effects. 
Mammogram, Clinical breast exam (CBE), Magnetic resonance imaging (MRI), nuclear 
magnetic resonance imaging (NMRI), Tissue sampling are methods of diagnosis that are 
being used in these present days. But due to disadvantage in accuracy, high cost and 
side effect, they have not yet been proven in clinical trials that utility of these methods 
will increase detection probability of cancer. Cancer screening trials are meant to show 
whether early detection decreases a person’s chance of dying from the disease. For some 
types of cancer, the chance of recovery is better if the disease is found and treated at an 
early stage. The present popular method, mammography, has the problem of low 
accuracy, side effect due to radiation and painful diagnosis. The high accuracy and 
reliable method is very important for the early detection of cancer having no side effect. 
For that reason, a number of researches are being done at different countries to establish 
safe and quantitative diagnosis of cancer by inspecting different parameters of 
viscoelastic tissue characteristics considering the fact that the cancerous tissue is harder 
than the normal tissue. 
 
   In the present decade, shear wave imaging has received a great deal of attention as a 
novel modality because of its non-invasive nature and high reliability. Tissue elasticity 
measurement by an ultrasonic (US) wave is a promising technique for the tissue 
characterization and is considered to be very useful in the tissue elasticity measurement 
as well as for mechanical characterization of the tissue. Several methods have been 
adopted for measuring the elastic properties of the tissue, which can be divided into two 
main branches. One of the branches, measures the strain of the tissue by static pressure. 
Although this method is popular for obtaining the relative stiffness of the soft tissue 
with high resolution, the quantification of stiffness is degraded so much due to the 
unknown force distribution. Another branch is concerned with the shear wave 
propagation inside the soft tissue. There are two main ways to excite the shear wave 
inside the tissue; impulsive vibration excitation by acoustic radiation force and the 
continuous vibration excitation. In the impulsive excitation, the velocity is estimated 
from the time-of-flight measurement of the pulsed wave. This method has high affinity 
for the conventional US diagnosis system however; the pulse shaped deformation 
reduces the accuracy of the travelling time due to the dispersion and the inhomogeneity 
of the medium. On the other hand, the continuous wave excitation provides the wide 
range of information about the velocity parameters. However, the excited vibration 
suffers from the strong attenuation in the fatty layer. Another problem is the formation 
of standing wave inside the tissue. A shear wave which is reflected from the tissue 
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boundary produces a standing wave in the vicinity of the boundary, which leads to the 
decrease in the estimation accuracy of the shear wave velocity. In addition, the 
three-dimensional (3D) complicated propagation of the shear wave inside the tissue also 
degrades the measurement accuracy. Therefore we have proposed the QI correlation  
method for estimating the velocity of the shear wave propagation inside the tissue by 
using continuous shear wave excitation (CSWE) method. 
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2. Research Object 
 
  In the first section of this chapter, concerns about the importance of cancer 
diagnosis, weakness in present applied method and the research objective. In 
the second section, application of low frequency vibration on soft tissue is 
proposed. 
 
2-1. Introduction on Elastic Shear Wave. 
 
  There are several important characters for elastic shear wave which shall 
be considered in application.  
 
The first one is wave length of elastic shear wave. It enjoys the wave 
length of several millimeters which will enable more high resolution 
measurement (high frequency elastic shear wave measurement).  
 
  The second one is the character of elastic shear which inside soft tissues. 
The propagation direction, refraction and standing wave shall also be taken 
into consideration. 
 
  Moreover, vibration amplitude is another important character. In ordinary 
condition, amplitude is only several micron millimeters. Therefore ultrasonic 
measurement with high accuracy is indispensable. 
 
  At last, the vibration frequency is also essential because it is not only has 
correlation with the amplitude and wavelength but also have great effect on 
attenuation of elastic shear wave. At present, due to the attenuation, 
frequency applied in real experiment is from 100Hz to several thousand Hz. 
 
  According to the character above, several engineering topic shall also take 
into consideration.  
 
1. Stimulation method and fluctuation method of elastic shear wave. 
 
2. Measurement method, for instance, the hardware and software 
technology. 
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3. Estimation of parameters and their physical and medical signification.  
 
2-2. Propagation of Elastic Shear Wave inside Soft tissue 
 
  In this part, the relationship between the viscoelasticity parameters inside 
soft tissue and the velocity and attenuation of low frequency vibration wave 
propagation are illustrated below. 
 
  When low frequency vibration is stimulated from the outside surface of 
soft tissue, the longitudinal wave propagates inside the viscoelastic subject 
and because the fluctuation of tissue, Hooke’s law is held. The complete 
system represents a Voigt model. Accordingly, the propagation velocity and 
the attenuation constant can be calculated which shown in following 
equation. 
 
1) For Longitudinal wave: 
 
 Propagation Velocity : 
 Re
v
lv
g

    (2-2-1) 
 
 Attenuation Constant : Im[ ]l g       (2-2-2) 
    
   Where, 
 
1
2 2
2
vg

 
  
  
  
   (2-2-3) 
2) For Transverse Wave: 
 
 Propagation velocity : 
 Re
v
tv
h

    (2-2-4) 
 
 Attenuation Constant : Im[ ]t h      (2-2-5) 
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   Where, 
1
2 2
vh


 
  
 
     (2-2-6) 
 
 Here 1 2vj       1 2vj      
 Where  
 1 : Displacement modulus of elasticity 1 : Bulk modulus 
 2 : Coefficient of shear viscosity  2 : Coefficient of bulk viscosity 
  : Density of the medium  v : Angular frequency of 
oscillation 
 Re[] Im[]and : Real and Imaginary Part of the complex term. 
 
  In spite of the vibrating wave inside the living tissue has both the transverse wave 
and longitudinal wave, shear wave velocity propagation is suitable for estimating 
the velocity of the vibrational wave inside the living tissue. The longitudinal wave is 
compressive and travels by compressing the medium whereas the transverse wave or 
the shear wave is incompressible and propagates by deforming the medium in the 
lateral direction equally with the velocity almost equal to the velocity of the 
longitudinal wave. When the vibration has low frequency which below 1kHz, the 
energy of the vibration frequency wave is assumed to be transferred almost all to the 
propagating shear wave.  
 
Considering only the transverse wave the viscoelastic parameters, propagation 
velocity and the attenuation of the propagating shear wave is given by the equation 
(2-2-4), (2-2-5) and (2-2-6) as shown below. 
 
   
 
 
2 2 2
1 2
2 2 2
1 1 2
2 v
t
v
v
  
    


 
    (2-2-7) 
And 
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 
 
2 2 2 2
1 2 1
2 2 2
1 22
v v
t
v
    

  
 


    (2-2-8) 
 
For viscous elastic medium, if the modulus of elasticity of the medium is greater than 
coefficient of the viscosity, i.e. 1 2v   , then the equation (2-2-7) and (2-2-8) will 
be modified to: 
 
  1
1tv


       (2-2-9) 
  1 0t         (2-2-10) 
 
Approximately, the propagation velocity of the shear wave is related to the elastic 
modulus of the medium and the density of the medium. The relation shows that the 
propagation velocity of the shear wave will be high for the denser medium i.e. if the 
medium is hard and hence lesser for the rarer medium. 
 
On the other hand, if the coefficient of viscosity of the medium is greater than the 
elasticity of the medium i.e. 1 2v    then the equation (2-2-7) and (2-2-8) will be 
modified to: 
 
  2
2
2 v
tv
 

       (2-2-11) 
 
  2
22
v
t



       (2-2-12) 
 
In this case, 2tv 、 2t  are parameters of viscosity deviation coefficient and function of density, 
therefore the propagation velocity and the attenuation will be frequency dependent. 
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In next graph the propagation velocity in different frequency of viscoelastic 
medium and elastic medium are shown below. 
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2-3 Parameters of Elastic Shear Wave and its Medical Application 
 
  Propagation velocity of elastic shear wave is proved to be useful in clinical 
pathology, however other parameters which are shown below, also contain 
valuable information in medical research.  
 
Parameter Physical parameter Clinical significance Problems in measurement 
Propagation  
velocity 
Elasticity 
 coefficient  
Tissue hardness 
Multiple reflection、 
Attenuation 
Attenuation  
constant 
Viscosity 
 coefficient 
Viscosity evaluation 
Multiple reflection、 
Refraction、 
Frequency 
dependence of 
propagation 
Velocity 
Viscosity  
coefficient 
Viscosity evaluation 
Measurement quantitative 
Multiple reflection、attenuation、 
Space resolution 
Resonance Elasticity coefficient Tissue volume size Attenuation, space resolution 
Nonlinearity 
Initial stress, 
Medium nonlinearity 
Evaluation on 
 tissue nonlinearity 
Amplitude attenuation 
Anisotropy 
Direction of  
propagation velocity 
Fiber direction、Fibrosis 
Three-dimensional  
propagation direction 
Fig.2-3-1 Information acquired from elastic shear wave 
 
  In this research, advanced sonoelasticity imaging system are proposed and 
we will pay more attention on evaluation of the propagation velocity on 
complicated soft tissue structure which with more similarity to in-vivo 
experiment and clinical condition. 
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2-4 Research Target. 
 
  Mortality of cancer in different body region are showed below. In recent 
years, mortality of breast caner for female and prostate cancer for male is 
growing rapidly. These diseases are the cancer which occurred near surface 
of human body. This research is utility for the tissue near surface, especially 
breast cancer and prostate cancer. 
 
  The viability of breast cancer is showed in fig2-4-2. In which can we 
understand that after medical treatment, cancer tissue with size below 
20mm often with 10 years viability above 88%.  
 
  Accordingly, target of this research is, even in the complicated structure 
where reflection and refraction presence and generate multiply propagation 
wave, the quantitative measurement and early identification of cancer can still be realized.    
         
This target acquires two factors: 
1. Estimation deviation of propagation should below 10% 
2. Resolution of ultrasonic beam and its orthogonal direction should below 
10mm. 
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Fig.2-4-1 Cancer mortality in different part of body 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                  Fig.2-4-2 Viability of breast cancer after treatment 
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3.  Theory of Elastic Shear Wave Imaging System 
 
 
  In this section, basic theory of pulse Doppler signal for vibration 
propagation in tissue applying ultrasonic wave is introduced. In the second 
part, basic principle of estimating shear wave propagation velocity is 
discussed. And the last section shows the signal processing flow which our 
research is applying at present. 
 
 
3-1. Basic Theory for Pulsed Doppler Signal Measurement 
 
Vibrating wave propagates inside the tissue, when a low frequency vibration is 
stimulated on the surface of soft tissue. The shear wave of the propagating vibration 
wave inside the body makes the small particles called the scatters, which is smaller than 
micron meter, are fluctuated from their original position. The displacement of the 
scatterers is measured with high range resolution by ultrasonic wave (5MHz) Doppler 
measurement system.   
 
If numerous of ultrasonic scattering within the soft tissue, the transmitted ultrasonic 
signal is modulated by the fluctuating ultrasonic scattering present inside the soft tissue. 
The received US signal due to Doppler Effect is thus focused on the change in 
frequency of the transmitted US signal. Therefore the ultrasonic wave reflected from the 
ultrasonic scattering can be obtained by quadrature detection of the Doppler signal 
estimated from the vibration propagation inside the body. 
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The Figure 3.1.1 shows the model of ultrasonic scattering in which the scatters are 
displaced at frequency vf . The Ultrasonic transceiver is at L distance from the concerned 
scatter operating at frequency 0f . 
 
 
     
   Figure 3-1-1 Measurement model. 
 
The movement of scatter ξ(t) can be represented as below equation。 
 
0( ) cos(2 )vt f t       
                    （3-１-1） 
In which: 
0 ：vibration amplitude 
：initial phase 
 
 Under this condition、ultrasonic frequency f  which reflected by scatters is 
 
 
0
c v t
f f
c

                          (3-1-2) 
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0f ：Center frequency of ultrasonic wave 
c：velocity of sound 
 
When transducer received the reflected wave, its frequency is 
 
 '
( )
c
f f
c v t


                         (3-1-3) 
 
According to (3-1-2) (3-1-3)  
 
 
   
 0 0
c v t c v tc
f f f
c v t c c v t
 
   
 
              (3-1-4) 
 
Therefore、Doppler frequency shift f  of reflected ultrasonic wave is 
 
 
 
 
 0 0 0 0
2c v t v t
f f f f f f
c v t c v t
 
     
 
            (3-1-5) 
 
The sound velocity inside soft tissue is around 1500m/s while applying 
Doppler method. However, the velocity v(t) inside tissue is extremely small, 
therefore : 
 
c>>v(t) , approximate of equation (3-1-5) can be derived. 
 
0
2v t
f f
c
                           (3-1-6) 
 
Phase variation of ultrasonic wave   is 
 
 
 0
0
2
4
4
( )
f dt
f
v t dt
c
f
t
c
 



  
 
 

                     (3-1-7) 
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Therefore receiving signal of scatter ( )r t  is 
 
0
0
0
0
( ) ( )sin(2 2 )
4
( )sin(2 ( ) 2 )
( )
( )sin{2 ( 2 ) 2 }
u
u
u
r t A t f t k z
f
A t f t t k z
c
t
A t f t k z
c
 

 


   
  
  
          (3-1-8) 
 
In which 
 
 ( )A t ：Amplitude 
 uk  ：Pulse number of ultrasonic 
 z  ：Distance between scatter and transducer. 
 
Therefore, due to small displacement between ultrasonic pulse ( )t  , phase 
shifting occurs.  
 
 
 
                                 －: ( , )r t   
                                                                 －: ( , )r t t   
 
 
 
Fig.3-1-2 Phase shifting of RF signal due to small displacement 
 
If the ultrasonic frequency component of the received RF signal is convoluted and 
passed through the low pass filter, the Doppler signal is obtained.  
 
(ⅰ)I Signal 
 
 If RF signal multiply with carrier signal : 
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0 0
0 0
0
2 ( )
'( ) ( )sin{2 ( ) 2 }sin(2 )
4 ( ) 4 ( )( )
{cos(4 2 ) cos( 2 )}
2
u
u u
t
I t A t f t k z f t
c
f t f tA t
f t k z k z
c c

 
   

  
      
   (3-1-9) 
 
If this signal pass through low pass filter, the signal near 02  will be 
eliminated 
 
04 ( )( )( ) cos( 2 )}
2
u
f tA t
I t k z
c
 
                        (3-1-10) 
 
Therefore, I signal is obtained. 
 
 
（ⅱ）Q Signal 
 
Multiply with the carrier signal which have 90 degree phase difference with 
that of  ( i ) , we will obtain : 
 
 
0 0
0 0
0
2 ( )
'( ) ( )sin{2 ( ) 2 }cos(2 )
4 ( ) 4 ( )( )
{sin(4 2 ) sin( 2 )}
2
u
u u
t
Q t A t f t k z f t
c
f t f tA t
f t k z k z
c c

 
   

  
     
     (3-1-11) 
 
If apply the same filter with that of ( i ) can we obtain : 
 
04 ( )( )( ) sin{ 2 }
2
u
f tA t
Q t k z
c
 
                    (3-1-12) 
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According to previous Arc-tan method, derived displacement is 
 
1
0
( )
( ) tan 2
4 ( )
c Q t
t n
f I t
 


   
    
   
                  (3-1-13) 
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3-2 Basic Theory of Velocity Estimation Using QI correlation Method 
 
QIcorrelation 
 
  If the scatter is vibrated by elastic shear wave, according to equation 
(3-1-8), small phase shift will appear in each RF signal of transmission pulse. 
Therefore, by correlating RF signal which obtained by equation (3-1-8) and 
by measuring phase shift, displacement of scatter can be derived. 
 
Applying Q(t), I(t) which obtained by equation(3-1-10) and (3-10-11),set 
time of underlying RF signal to t , and the time of next pulse to t t  , real 
part of RF signal are shown in next equation. 
 
Re 0 0( ) ( )sin ( )cosRF t Q t t I t t                        (3-2-1) 
Re 0 0' ( ) ( )sin ( ) ( )cos ( )RF t t Q t t t t I t t t t                 (3-2-2) 
 
Applying equation (3-2-1) and (3-2-2), correlation coefficient can be derived.  
 
Re Re
0
0 0
0
0 0
{ ( )sin ( ) ( )cos ( )}
{ ( )sin ( ) ( )cos ( )}
( ) ( ) ' ( )
Q t t I t t
Q t t t t I t t t t dt
RF t RF t RF t t dt



 
 

     
  


          
0
0
0
[ { ( ) ( ) ( ) ( ) c o s ( ) }
1
2
{ ( ( ) ( ) ( ) ( ) ) s i n } ]
Q t Q t t I t I t t t t
I t Q t t Q t I t t t d t



      


     
          (3-2-3) 
 
Then, imaginary part of RF signal can be shown as below equation. 
 
Im 0 0( ) ( )cos ( )sinRF t Q t t I t t                                 (3-2-4) 
 
According to equation (3-2-1) and (3-2-3), following equation can be derived. 
 
Re Im 0 0
0
( ) ( )sin( ( )) ( )cos( ( ))
( )exp( ( ))
RF t RF RF a t t t a t t t
a t t t
   
 
     
 
     (3-2-5) 
 
Normalization Square error of equation (3-2-1) and (3-2-3) ( )norme t  can be derived 
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as follows: 
 
2
0
( ) ( ) / ( )norme t RF t RF t dt

                            (3-2-6) 
Then quadratic approximate of square error ( )normale tΔ is showed below 
 
2( ) ( ) ( )normale t a t b t c  Δ Δ Δ                 (3-2-7) 
 
However, , ,a b c：Constant  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      Fig.3-2-1 Square error of RF signal 
 
  Applying solution equation to equation (3-2-7), the solution tΔ  can be 
derived 
 
2
b
t
a
 Δ                                                (3-2-8) 
 
 
 
  
t
Fitting curve 
Normalized error 
Error 
( )norme t
2 ( )RF t 
2( ) ( ) ( )f t a t b t c  Δ Δ Δ
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  Equation (3-2-8) is primarily the phase shift between present and next 
pulse of RF signal. Accordingly, the displacement of scatter   is 
 
 
2
b
t
a
   Δ Δ                          (3-2-9) 
 
Moreover, applying (3-2-9), vibration of scatter can be showed as : 
 
0 0
( )t dt tdt
 
    Δ                   (3-2-10) 
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Estimation method of local propagation velocity 
 
In the next section, the estimation method of local propagation velocity 
will be discussed. 
 
Firstly, we will calculate the local propagation velocity by applying the 
vibration displacementξobtained by QI correlation method. 
 
 
In the point P(x,z) located in 2D plane (x , z,), Vibration like Fig 3-2-2 is 
stimulated 
 
 
 
 
 
 
 
 
 
Fig. 3-2-2 Vibration in point P(x,z) 
 
  Here: 
ζ(x, z, t) = asin⁡(𝜔𝑏𝑡 + 𝜙(𝑥, 𝑧)) 
 
    a: Amplitude,  φ (x,z): Vibration Phase , 𝜔𝑏 = 2𝜋𝑓𝑣  : Vibration 
angular frequency 
 
  If integrated sin⁡(𝜔𝑏𝑡), cos⁡(𝜔𝑏𝑡) with Q signal(real part of Vibration) I 
signal (imaginary part of Vibration) can be derived.   
 
Q signal is: 
 
 
 
 
 
0
0
0
Re( ( , )) sin( ( , )) cos( )
sin( ( , )) cos( )
(cos(2 ( , )) sin( ( , )))
2
sin( ( , ))
2
nT
b b
nT
b b
nT
b
x z a t x z t dt
a t x z t dt
a
t x z x z dt
a
nT x z
  
  
  

 
 
  




ξ
 t 
ξ(x,z,t) 
x 
z 
P(x,z) 
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                                          (3-2-11) 
 
 
I signal is: 
 
 
 
 
 
 
                                           (3-2-12) 
 
 
Applying the same method, Q signal and I signal of each point in 2D image 
(x,z) can be derived. 
The 2D image of Q signal and I signal are showed in Fig. 3-2-3 and 3-2-4 
 
 
 
 
 
 
 
 
 
 
Fig.3-2-3 Complex displacement(Q signal) Fig.3-2-4 Complex displacement(I signal) 
 
Next, calculate the phase difference in x direction. 
Firstly from (3-2-11) and (3-2-12) can we derived. 
 
 
                                           (3-2-13) 
 
 
0
0
0
Im( ( , )) sin( ( , ))sin( )
sin( ( , ))sin( )
(sin(2 ( , )) cos( ( , )))
2
cos( ( , ))
2
nT
b b
nT
b b
nT
b
x z a t x z t dt
a t x z t dt
a
t x z x z dt
a
nT x z
  
  
  

 
 
   




ξ
Re( ( , ) ( , ))
Re( ( , )) Re( ( , )) Im( ( , )) Im( ( , ))
Im( ( , ) ( , ))
Re( ( , )) Im( ( , )) Re( ( , )) Im( ( , ))
x x z x z
x z x x z x z x x z
x x z x z
x x z x z x z x x z

   

   
*
*
ξ Δ ξ
ξ ξ Δ ξ ξ Δ
ξ Δ ξ
ξ Δ ξ ξ ξ Δ
1
0
m
m
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(3-2-14) 
 
From the above two equation, can we derive: 
*
1
*
Im( ( , ) ( , ))
( , ) tan
Re( ( , ) ( , ))
x
x x z x z
x z
x x z x z
 
 
  
 
ξ Δ ξ
Δ
ξ Δ ξ
                                 
(3-2-15) 
 
Calculate the phase different in z direction using same method. 
 
 
                                      
(3-2-16) 
 
 
                                                                       
(3-2-17) 
*
1
*
Im( ( , ) ( , ))
( , ) tan
Re( ( , ) ( , ))
z
x z z x z
x z
x z z x z
 
 
  
 
ξ Δ ξ
Δ
ξ Δ ξ
                                   
(3-2-18) 
 
Image of (3-2-15) and (3-2-18) are showed in Fig3-3-4,Fig.3-3-5 
 
 
Fig.3-2-5 ( , )x x zΔ Map      Fig.3-2-6 ( , )z x zΔ Map 
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*
*
ξ Δ ξ
ξ ξ Δ ξ ξ Δ
ξ Δ ξ
ξ Δ ξ ξ ξ Δ
π 
-π 
[rad] 
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From equation (3-2-15) the wave length in x direction 𝜆𝑥 can be derived. 
In the same method, form (3-2-18), wave length in z direction 𝜆𝑧 can also be 
derived. 
 
 
21
( , )
v
v x
f x
f x z
x
π Δ
λ(x,z)=
Δ
  (3-2-19)       
21
( , )
v
z
v z
f z
f x z
π Δ
λ(x,z)=
Δ
       
(3-2-20) 
 
Form (3-2-19) and (3-2-20), local propagation velocity ( , )L x zV  can be derived. 
 
 
2
( , )
1 ( , ) ( , )
v x
L
x z
f x z
x z x z
λ
V (x,z)=
λ λ
                 
(3-2-21) 
 
 
The image of equation (3-2-21) are showed in Fig. 3-2-9. In this time, 
without the phase modulation, the local propagation velocity equal to shear 
wave propagation velocity. 
 
 
Fig.3-2-7 Local Velocity Map 
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Harmonic phase distortion 
 
  From Fig 3-2-9 can we realize that the parts where propagation velocity is 
high (red part of the picture) are banded together. This might cause by the 
phase modulation component. Therefore, in the next section, we will discuss 
about the propagation velocity with the Phase modulation component 
(harmonic phase distortion). 
 
1. Propagation velocity with phase modulation component. 
 
Equation of displacement with harmonic phase distortion is ： 
 
0 0( ) exp( ( ( )))x j k x x  ξ                                
(3-3-1) 
and 
 
1 1( ) sin( )x k x                               
(3-3-2) 
 
 
  ξ0: Displacement amplitude,  k0 :wave number of fundamental wave. 
   k1: wave number of distortion component.  𝜑1: phase modulation index 
   θ : initial phase of phase modulation. 
 
Here, spatial differentiation of phase is : 
 
0 1 1 1cos( )k k k x
x

   
∂
∂
                               
(3-3-3) 
 
Therefore, the local propagation velocity VL  is : 
 
 
1
0 0 1 1 1
1
0 0 1 1
0
2 cos( )
( cos( ))
LV f k k k x
f
V V k x
f
 
 

  
  
π
             (3-3-4) 
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In which, 0 0 02V f k π  
 
  In this condition, if phase modulation component do not exists, (3-3-4) 
equal to propagation velocity of shear wave. The simulation of equation 
(3-3-4) is showed in Fig 3-3-1 
 
 
        Fig.3-3-1 simulation 
 
 
 
 
2. Imaging method of distortion component. 
 
In the equation (3-3-4), coefficient V0 exists. Accordingly, we can derive the 
equation without any relationship to the V0 (average velocity inside ROI) but 
only related with the phase modulation distortion caused by nonlinearity. 
 
1
1 1
0 0
1 cos( )Lnormal
V f
V k x
V f
                            
(3-3-5) 
 
According to (3-3-5), phase modulation distortion can be discussed. 
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3. Merit of applying phase modulation of local propagation velocity 
 
  
The mathematic model of vibration with phase modulation is showed 
below 
 
ξ(r, t) = ξ0sin⁡(𝜔0𝑡 − 𝑘0𝑟 + 𝜑(𝑟, 𝑡))                      
(3-3-6) 
 
here 
 
𝜑(𝑟, 𝑡) = 𝜑1cos⁡(𝜔1𝑡 − 𝑘1𝑟)                          
(3-3-7) 
 
𝜔0：anguler⁡frequency⁡of⁡fundamental⁡wave、
𝜔1：anguler⁡frequency⁡of⁡phase⁡distortion、 
𝑘0：wave⁡number⁡of⁡fundamentalwave 
𝑘1：wave⁡number⁡of⁡distortion⁡componment、𝜑0：phase⁡modulation⁡index 
 
 
  Spectrum of vibration displacement can be derived by applying 
conventional Fourier transform. It is : 
 
ξ(r) = ξ0[𝐽0(𝜑1) sin(𝜔0𝑡) − 𝐽1(𝜑1)(cos(𝜔0 + 𝜔1)𝑡 + cos(𝜔0 − 𝜔1)𝑡) ∙∙∙]   
(3-3-8) 
 
From (3-3-8) amplitude of fundamental wave and second harmonic 
component is : 
 
𝐴0 = ξ0𝐽0(𝜑1) ≅ ξ0⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝐴1 = ξ0𝐽1(𝜑1) ≅
1
2
ξ0𝜑1            
(3-3-9) 
 
  From (3-3-9) the ratio of energy of harmonic component and that of 
fundamental wave are showed below. 
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S𝑝,𝐶𝑜𝑛𝑣 = 𝐴1
2 𝐴0
2⁄ = 𝜑1
2 4⁄                          
(3-3-10) 
 
Next, local propagation velocity of proposed method are showed below 
 
𝑉𝐿 = 𝑣 − 𝑣 [
𝜔1
𝜔0
𝜑1cos⁡(𝑘1𝑟)]                          
(3-3-11) 
 
Here、V inside equation (3-3-12) is the propagation of elastic shear wave. 
Energy of harmonic component signal is : 
 
S𝑝,𝐶𝑜𝑛𝑣 = (𝑣
𝜔1
𝜔0
𝜑1)
2
𝑣2⁄ = (
𝜔1
𝜔0
𝜑1)
2
                   
(3-3-12) 
 
Ration between proposed method and conventional Fourier transform 
method is: 
 
𝑅𝑆 = 𝑆𝑝,𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝑆𝑝,𝐶𝑜𝑛𝑣⁄ = 4(𝜔1 𝜔0⁄ )
2                    
(3-3-13) 
 
 
If equation (3-3-13) contains third order harmonic component,ω = 3𝜔0 , 
sensitivity to the small phase modulation increases remarkably (by 31dB) 
than that of conventional Fourier analysis method. 
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3-3 signal process flow 
 
The signal is processed according the flow below. 
 
（Ⅰ）hardware 
① Stimulate low frequency elastic shear wave inside tissue. 
② Transduce ultrasonic pulse, obtain RF signal. 
③ Quadrature detect, calculate QI signal. 
④ Transfer the QI signal into PC after A/D convention. 
（Ⅱ）software 
① Up sampling QI signal by the frequency of 500MHz 
② Correlation each QI signal. 
③ Recover RF signal by summation 
④ Calculate displacement inside tissue. 
⑤ Pass the filter and obtain complex displacement. 
⑥ Fourier transform 
⑦ Calculate phase difference in each point 
⑧ Derive local propagation velocity applying phase difference. 
⑨ When discussing phase distortion, normalize the image.  
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4. Construction of Sonoelasticity Imaging System 
 
  In this section, we will discuss about the advanced sonoelasticity imaging 
system. In first section, the defect of conventional system will be discussed 
and in the following parts, the construction and evaluation of new system 
will be described. 
 
4-1. Defects of Conventional Imaging System 
 
 
  In previous experiment, the conventional imaging system which have 
constructed by my seniors have the ability to accumulate QI data in 
experiment and by using this system, we have acquired data for constructing 
local velocity map of experimental objects. Fig 4-1-1 is the block diagram of 
conventional system. The photo of conventional system’s analog circuits is 
showed in Fig 4-1-2. 
  
 
 
                      Fig 4-1-1 Conventional System 
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Fig 4-1-2 Analog circuits of conventional system 
 
 
  However, due to hardware settings and designs, some defects exists in this 
circuits.  
 
  Firstly, is the low spatial resolution of ultrasonic transducer. In the 
sonoelasticity system, the ultrasonic transducer is driven by power amplifier, 
the ability of ultrasonic transducer determined the ability of whole system.  
  However, in previous imaging system, the ability of ultrasonic transducer 
is low in which caused the defects in spatial resolution. 
 
  Secondly, the driven voltage of ultrasonic transducer is quiet low. In 
system, the ultrasonic is driven by power amplifier and emit transduce 
pulses, the higher the driven voltage, the stronger transducer pulse is. And 
Thus the stronger the reflection signal will be. But in previous design, the 
power amplifier provide only ±15V, 30V peak to peak stimulation. This has 
caused relatively low signal to noise ratios.  
 
  In real experiment environment, these defects have presented the 
phenomenon of noise component in the local velocity map and inability to 
acquire data where vibration is small. 
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  The experimental result is showed in following figure with experimental 
object of pure ager gel and vibration frequency of 700Hz 
 
   
 
Fig 4-1-3 Local Velocity Map of Conventional system 
 
  The experiment setting is using the object of ager gel with vibration 
frequency of 700Hz 
 
  From above Fig can we see areas where texture pattern are disappeared. 
General speaking there are two reasons for this phenomenon occur.  
 
The first reason is that there is some structure exists inside the phantom 
which ultrasonic pulse difficult to pass. For example, rubber, fat structure air 
bubble etc. But due to the experimental object is pure ager gel., so it is 
impossible for such structure to exists. 
 
  Another reason which is the reason for noise to appear, is that the 
amplitude in these areas is so small that difficult for ultrasonic transducer to 
accumulate enough data. Therefore, in Fig 4-1-3, noise areas do not present 
any texture pattern and the velocity in these areas is almost near to zero. 
 
  Moreover, these noise is caused by hardware settings, and unable to 
eliminate by signal or graph process method. 
10mm
m 
10m/s 
0 
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  According to the defects above, the advanced sonoelasticity has developed. 
 
4-2 Overall Consistence of New Imaging System 
 
  The basic signal process theory of advanced system is described in this 
section. 
 
  Firstly, the whole system is controlled by the software in PC. When 
measurement started, the FPGA served as the pulse generator which emits 
pulse which transduce into power amplifier. The pulses are enlarged by 
power amplifier and stimulate the ultrasonic transducer. The received RF 
signal from internal tissues, is sent to pre-amplifier where the RF signal is 
enlarged. Then, the enlarged reflection signal is processed by Band pass 
filter to eliminate the noise component. The next step is to operate the 
quadrature detection and acquire QI signal. At last signal go through Low 
pass filter and go into A/D convertor where the analog signal is changed into 
digital signal. The block diagram is showed below. 
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                Fig 4-2-1 Block Diagram of Advanced System 
 
 
 
                     Fig 4-2-2 Photo of Advanced system 
 
The specification of above system is showed below: 
 
・FPGA            ALTERA Co. Cyclone3 EP3C16 
・AD Convertor of Ultrasonic         CONTEC Co. AI-1204Z-PCI 
・Resolution of AD Convertor    12 bit 
・Fundamental clock                 FPGA 50 MHz 
ADC for Ultrasonic                       5 MHz 
   
・Linear Actuator Controller                  SUS Co. XA-S4 
・Linear Actuator                     SUS Co. XA-50L-400 
・Function Generator                       Tektronix Co. AFG3102 
・Power Amplifier for Low Frequency Vibration  DENON Co. PMA-1500AE 
・Vibrator                      EMIC Co. 512-A 
・Diameter for Ultrasonic Transducer       5 mm 
・Center Frequency of Ultrasonic         5 MHz 
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・Burst length of Ultrasonic             1 cycle 
・Repetition Frequency of Ultrasonic   10 kHz 
・Measurement Area in Vertical Direction  5～40 mm 
 
 
 
 
4-3 The difference between Conventional Imaging System and Advanced 
System. 
 
 
  In order to overcome the problem in conventional system, several 
advanced settings have been operated. 
 
  Firstly, the pulses which stimulate the ultrasonic transducer is been 
enlarged. Therefore the ultrasonic transducer is able to emit more powerful 
transducer pulse which will lead to more strong reflection inside tissue. This 
advancement will enable the ultrasonic reflection to accumulate more 
information inside tissues. 
 
  In advanced design the output of power amplifier is ±100V, 200V peak to 
peak. 
 
  Secondly, the spatial resolution is not satisfied in previous system. 
Therefore, new ultrasonic transducer which manufactured by GE Medical 
are applied in the new system.  
 
  However, due to the change in the frequency response of ultrasonic 
transducer and high voltage requirement, the frequency response of Band 
Pass Filter and Low Pass filter as well as the design of power amplifier shall 
also be redesigned in order to adapt practical application. 
 
  In the next section, the design of Power Amplifier, Band Pass Filter and 
Low Pass filter will be described. 
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4-4 Design of Advanced Power Amplifier and Analog Circuits According to 
Character of High Power Ultrasonic Transducer 
 
 
4-4-1 Design of High Voltage Power Amplifier 
 
  In the advanced system, the output voltage of power amplifier is set to 
200V peak to peak. In order to satisfy this requirement, the max4806 circuits 
are applied. 
   
  The max4806 manufactured by MAXIUM Co. has the ability to generate 
high frequency and high voltage with low logic input. The figure of power 
amplifier applying max4806 is showed below. 
  
 
             Fig 4-4-1-1 Advanced Power Amplifier 
 
  There are three logic input of power amplifier. Two pulse signal and logic 
enable signal. Two input pulse signals is generated by FPGA which boasts of 
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voltage of 3.3V with the length of 100ns and phase shift of 100ns. The 
repetition Frequency of pulses is 10kHz. The enable signal is used to control the 
whole power amplifier circuits with time length of 800ns and repetition 
frequency of 10kHz. Only in the time of enabling, the power amplifier will 
operate.  
  
  The output of power amplifier is ±100V pulse with burst length of 200ns 
and repetition frequency of 10kHz which serve as the stimulation pulse for 
ultrasonic transducer. The Figure of the input signal and output stimulation 
pulse is showed below. 
 
 
 
            Fig 4-1-1-2 Input logic signal of power amplifier 
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        Fig 4-4-1-3 output of power amplifier 
 
  From the output waveform of power amplifier, can we understand that the 
design of power amplifier satisfied requirement. 
 
 
4-4-2 Design of Band Pass Filter and Low Pass Filter 
 
  The Band Pass Filter and Low Pass Filter shall be redesigned due to the 
change in frequency character of ultrasonic transducer. The figure of 
advanced filter circuits is showed below. 
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               Fig 4-4-2-1 photo of Filter (LPF & BPF) 
 
  The compare of frequency response of Band Pass Filter and ultrasonic 
transducer is showed below. 
 
 
    Fig 4-4-2-2 Frequency response of BPF and transducer 
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  Center frequency of ultrasonic transducer is 4.75MHz, accordingly, the 
center frequency response of BPF is also set into 4.75MHz. Band of BPF is 
from 4MHz to 5.8MHz. 
 
  After quadrature detection, the center frequency of signal is shift to zero 
and the signal which has the frequency inside the frequency response band 
of BPF is shift with the center frequency. Therefore the cutoff frequency of 
LPF is set to 1MHz. The frequency response of LPF is showed below. 
 
 
 
Fig 4-4-2-3 Frequency response of LPF  
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4-5 Evaluation of Advanced Sonoelasticity Imaging System  
 
  In this section we will discuss in this section. Firstly, the experiment result 
of advanced system is showed below which experimental object(pure ager 
gel) , vibration frequency(700Hz) and experimental position is almost same 
with that of Fig 4-1-3. 
 
    
    4-5-1 Complex Amplitude               4-5-2 Local velocity Map 
 
  The compare of the local velocity map taken by conventional system and 
advanced system is showed below. 
     
4-5-3 Conventional Velocity Map       4-5-4 Advanced Velocity Map 
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  From the compare above can we understand that the noise area has been 
greatly reduced by applying advanced system. Therefore, the signal to noise 
ratio has been greatly promoted. The compare of noise area is showed below. 
 
 
 
 
Fig 4-5-5 Noise are of conventional system and advanced one 
 
  By applying advanced system, the signal to noise ratio have been promoted 
three times than that of conventional system. 
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In the next section, the advanced in space resolution will be described. In 
order to testify the promotion in spatial resolution, we have designed 
experiment which showed below. 
 
   
 
   Fig 4-5-6 Experiment to testify spatial resolution promotion 
 
  In this experiment, two parallel steel with diameter of 0.5mm is put 
inside the water, the interval between the two steel is less than 1mm. Scan 
direction of the transducer is almost vertical to the direction of steel. The 
steel will reflect strongly for ultrasonic transducer and can be observed in B 
mode image. By observe the B mode and certify the interval of two reflection 
in B mode can we evaluate the spatial resolution of transducer. Experiment 
result is showed below. 
 
44 
 
      
 Fig 4-5-7 Advanced B mode           Fig 4-5-8 Conventional B Mode 
 
From the graph can we understand that by applying conventional system, 
we cannot recognize the two steel not to say their interval. However applying 
advanced system, not only the diameter of steels can be well observed, the 
interval between two parallel is also acquired. 
10mm
m 
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5 Applications on In-vitro Experiment with Complex Structure 
 
In this section, a new experimental method will be described. In first 
section, conventional experiment method will be evaluated and in the 
following section, the method of constructing new experimental Phantom 
and experimental result will be discussed. 
 
 
5-1 Evaluation of Conventional Experiment 
 
  In previous research three experimental methods have been proposed, 
gelatin phantom experiment, in-vitro experiment and in-vivo experiment. All 
of these three methods have their advances and defects. 
 
  Firstly, gelatin experiment is applying ager gel, carrageenan etc. to 
construct a uniform phantom and carry out the experiment. In practical 
application, the ratio of ager powder to water is from 1% to 2%. This method 
can provide us with fine Phantom with smooth surface which are easily for 
data accumulation, and always able to provide cross section image which 
easy for us to observe the internal structure and convenience for evaluation. 
Cross section image of ager gel and experiment result are showed below. 
 
Fig 5-1-1 Cross section image of ager gel phantom 
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Fig 5-1-2 Local velocity map of ager gel 
 
  Although ager gel phantom can provide us with some experimental 
convenience, it still has some defects. In the first place, due to its uniform 
structure, it failed to construct complex structure, however, in real 
application, the experimental objects often have more complex structures. 
Another problem is that the physical parameters of ager gel are far different 
from that of in-vivo structures which lead to suspicion of its application on 
clinical environment. 
 
  Secondly, in-vitro experiment is applying pork or beef or even chicken as 
the experimental object. This kind of experiment can provide us with tissue 
containing complex structure and high similarity to in-vivo tissues. Moreover, 
the tissue can be cut and cross section image can be acquired easily. The 
experimental result of conventional in-vivo is showed below. 
 
10mm 
0 
10m/sec 
47 
 
 
Fig 5-1-3 Cross section image of pork 
 
 
Fig 5-1-4 Local velocity map of pork 
 
  However, although the structure is complex enough to simulate practical 
application, an also can provide us with cross section image, it is still difficult 
to evaluate experiment due to the random spread of structure and unknown 
of structure before experiment. Moreover, due to present experiment 
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condition, smooth surface are required for convenience data accumulation. 
Unfortunately however the surface of pork or beef is unsmooth which 
difficult for acquiring champion data. 
   
  At last comes to the in-vivo experiment. In-vivo experiment is real time 
human body experiment which has the same condition as clinical application 
and also with complex structure inside. Due to the existence of skin, the 
surface is relatively smooth than that of in-vitro experiment which enable us 
to accumulate data conveniently. The experiment result of in-vivo 
experiment is showed below. 
 
 
                Fig 5-1-5 In-vivo local velocity map (forearm) 
   
Although the structure is complex enough, but it cannot provide us with 
cross section image which unable for researchers to evaluate. 
 
What required is a certain method with smooth surface, complex structure, 
high similarity to clinical environment and cross section image. 
 
In the next part, we have proposed an experiment method with high 
similarity to in-vivo experiment, smooth surface, complex structure which 
researchers have understood before experiment and convenience 
constructing method. 
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5-2 Construction of In-vitro Tissue with Complex Structure 
 
  In this section, the method of constructing sophisticated in-vitro phantom 
will be described. 
 
  Firstly, I want to introduce a kind of chemical powder : sodium alginate. 
The chemical formula is showed below. 
 
 
5-2-1 Molecule formula of sodium alginate 
 
  Sodium alginate have the character of high viscosity and gelation, which 
are widely used as adhesive and thickener in food industry. The photo of 
sodium alginate is showed below. 
 
 
                      5-2-2 Photo of sodium alginate 
 
Specifically gelation character has enabled it to adhesive meat in practical 
application. When meet with Calcium ion inside soft tissue, it will form a gel 
network though out the whole tissue thus adhesive untied structure together. 
The gelation process and adhesive meat structure is showed below. 
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5-2-3 Gelation process of sodium alginate 
 
 
 
                      Fig 5-2-4 Adhesive tissue 
 
  According to such character, we are able to reconstruct in-vitro phantom 
and insert foreign tissue inside. The prescription and construction process is 
showed below. 
 
Prescription example: 
      Meat                          100g 
      Water for sodium alginate       25g 
      Sodium alginate                0.7g 
      Calcium sulfate                0.9g 
      Water for Calcium sulfate       5g 
 
  Firstly smash the meat into small pieces. Then mix the sodium alginate 
with water (100g) to make sodium alginate solution. Mix sodium alginate 
with meat exhaustively. Mix calcium sulfate with water (25g) to make 
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calcium sulfate solution. Mix calcium sulfate with the meat which added 
sodium alginate solution in a short time (less than three minute). At last 
shape the reconstructed meat to whatever shape we want and preserve it 
into refrigerator for 12 hours . 
 
  By applying this method can we acquire numerous in-vitro structures with 
different characteristics. For example, the tissue containing foreign 
structures, tissue with visceral inserted and tissue with smooth surface. 
Photo of these examples are showed below. 
 
 
                  5-2-5 Tissue with smooth surface 
 
 
 
  
5-2-6 Tissue with foreign matter inserted (fish inside pork) 
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5-2-7 Tissue with visceral inserted (chicken liver inside chicken) 
 
 
  This method not only provide us with complex structure which its internal 
position researchers already know, but also able to provide cross section 
image. Moreover due to the gelation of sodium alginate, the surface is also 
smooth enough for data accumulating. Moreover, in the surface of 
constructed phantom, sodium alginate will undergo a quicker gelation 
process due to the temperature difference to internal tissue. This 
phenomenon will form a harder tissue surface and a softer internal tissue 
surface which have more similarity to in-vivo structure rather than that of 
ordinary in-vitro phantoms. 
 
  After finishing constructing such kind of in-vitro phantom, experiment 
have been carry out to testify the application of shear wave velocity imaging 
method. The introduction and result of experiment will be described in the 
next section. 
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5-3 Experiment of Constructed In-vitro Tissue with Complex Structure 
 
  To testify the reconstructed in-vitro phantom and shear wave velocity 
method we have carried out experiment using new in-vitro phantom. The 
phantom is the thigh pork structure with fish tissue inserted. The vibration 
frequency which generate shear wave is 250Hz. The experiment result is 
showed below.  
 
 
  
Fig 5-3-1 Complex displacement of reconstructed tissue 
 
 
 
 
Fig 5-3-2 Local velocity map of reconstructed tissue 
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Fig 5-3-3 Monochromatic local velocity map 
 
 
              Fig 5-3-4 B mode image  
 
 
             Fig 5-3-5 Cross section image 
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  Evaluation: From the result of the experiment can we easily understand 
the foreign tissue (fish) inserted into the pork. The compare between local 
velocity map and Cross section image are showed below. 
 
 
 
 
 
 
Fig5-3-6 Compare between local velocity map and cross section image 
 
 
  From the experimental result can we understand that not only the shape 
of foreign structure (fish) are well represented in local velocity map, but also 
even the structure inside foreign tissue (fish) can be recognized as well. 
However in B mode image, we cannot recognize such structure. 
 
5-4 Construction of In-Vitro Tissue with Structure with Similarity to Lesions 
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  In this section we will discuss reconstructed tissue with high similarity to 
clinical tissues. Firstly comes to the character of inflammation inside human 
body. The cross section image of liver inflammation is showed below. 
 
  
             Fig 5-4-1 Liver inflammation cross section image 
 
  Often enough, when in-vivo structure contains disease tissue, the 
hardness of inflamed structure are softer than that of healthy one. This is 
because the purulence, putrescence are accumulated in these areas even 
made this area liquid liking.  
 
  According to this character, we have constructed the structure with high 
viscosity inserted. The prescription is almost same as we have discussed in 
the second part of this chapter, however, the construction is a bit different. 
 
  Firstly we smash the pork and mi the smashed pork with sodium alginate 
solution and calcium sulfate solution. Secondly, when shaping the structure, 
make a hole inside the tissue and preserve it into refrigerator for 12 hours. 
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Before experiment, fill the hole with alginate solution and spread the surface 
of alginate solution with calcium sulfate. After 10 minutes, can we operate 
the experiment. Sodium alginate will become gelation in short time when 
met calcium in short time. When these process finished, when can acquire 
experiment phantom with internal high viscosity liquid inside with 
similarity to lesions. The cross section image is showed below. 
 
 
 
 
 
Fig 5-4-2 cross section image of reconstructed tissue with similarity to lesion 
 
  In the next section, the experimental result will be showed. 
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5-5 Experimental Result of Constructed Complex Structure with Similarity 
to Lesions 
 
  The experiment results are showed below. The vibration frequency which 
generate shear wave is 250Hz. 
 
 
 
          
              5-5-1 Complex displacement (amplitude) 
 
 
 
            5-5-2 Local velocity map 
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        5-5-3 Monochromatic local velocity map 
 
 
 
                 5-5-4 B mode image 
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           5-5-5 Cross section image  
 
 
  The compare between cross section image and local velocity are showed 
below. 
 
 
 
5-5-6 Compare between local velocity map and cross section image 
 
 
  From the compare above can we clearly recognize the structure inside 
phantom. However, in B mode image, we are failed to recognize such 
structure. 
 
  In next experiment, we have shift the measurement area in parallel 
direction in order to certify if this structure really exists or only taken by 
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occasion. The graph of experiment result is showed below. 
 
 
 
 
 
 
Fig 5-5-7 experiment result with measurement area shift 
 
 
  From the experiment can we get the conclusion that the structure do exists 
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5-6 Evaluation of New Method In-vitro Experiment 
 
 
  From the experiment above, can we get the conclusion that the 
reconstructed in-vitro experiment method provide us with complex structure, 
certain structure which the research know the internal position, high 
similarity to in-vivo and clinical application and relatively smooth surface for 
data accumulation. This experiment has met our research requirement. 
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6. Conclusion 
 
 
  From all the experiment above, can we understand that firstly, the signal 
to noise ratio have been greatly improved due to the promotion in 
stimulation voltage of the ultrasonic transducer. 
 
 Secondly, thanks to the high performance ultrasonic transducer, the spatial 
resolution has also been improved. Moreover, the design of low pass filter 
and band pass filter as well as power amplifier with the ability to emit pulse 
with amplitude of ± 100V (200V peak to peak) meets our practical 
requirement and operate well in experiment. 
 
  Thirdly, by applying the gelation character of sodium alginate, we have 
proposed a method of constructing in-vitro phantom with the particularity of 
facility constructing process, smooth surface for convenience data 
accumulation, complex internal structure which designed by constructer 
which its certain position are already know even before experiment and high 
similarity to human body due to the internal and external gelation speed 
difference where with relatively harder surface which similar to skin and 
relatively softer internal structure which similar to subcutaneous. 
 
  At last, by applying the advanced new system and reconstructed in-vitro 
phantom, the effectiveness of elasticity shear wave velocity imaging method 
have been testified. The experiment result have showed us the reality that 
under the condition that similar to clinical application, the elasticity shear 
wave velocity imaging method have the ability to distinguished structure 
that have different physical structure compare to the surrounding tissues 
however B mode image cannot. 
 
Future Theme 
   
  Although the system have improved in S/N ratio and spatial resolution, 
future advance applying new technology are still required. Moreover, due to 
all these merits, the next step is to apply elasticity to clinical environment. 
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